Abstract. In order to explore the rational management and utilization of grassland grazing, the field investigation was conducted to study the effect of seasonal grazing on soil organic carbon (SOC) in typical steppe of Inner Mongolia. The results showed that the soil organic carbon density (SOCD) was 1.59-3.86 kg/m2inthe depth of 0-15cm in four seasonal grassland and forbidden grazing area. There was no significant difference of soil organic carbon density between seasonal grassland. The SOCD was: autumn > spring> forbidding grazing> summer> winter. The SOCD decreased with the increase of soil depth, and SOCD had significant difference between different soil layers. It indicated that moderate grazing was benefit to sequestrate SOC in grassland ecosystem.
Introduction
Grassland area accounts for 40% of the total land area in China and typical grassland area in Inner Mongolia accounts for 1/3of natural grassland, which is the most complete typical steppe region in temperate steppe region [1] .It is one of the typical regions to study the response of ecosystem to human disturbance where it is representative to carry out the work.
Grassland ecosystem is an important component of terrestrial carbon cycle and carbon sequestration, which accounts for 34% of the total carbon stock in terrestrial ecosystem. Grassland ecosystem occupies a very important position in the global carbon cycle. Human disturbance, especially unreasonable human activities, will cause grassland degradation and ecosystem ecological function decline. Grazing husbandry is the most common way to use grassland. In recent years, overgrazing has led to different degrees of grassland degradation, which has a certain impact on grassland productivity, animal husbandry development and herdsman's living standard [2] .
The research on carbon storage and carbon balance in grassland, especially the effect of use way and intensity on grassland carbon storage, is concerned at present. However, there are differences in the conclusions of the study. The first view considered that excessive grazing will lead to soil carbon storage decreased significantly in grassland. On the one hand, overgrazing will make primary productivity significantly reduced in grassland. Thereby reduce vegetation carbon input to the soil. On the other hand, trampling of livestock enhances the respiration of grassland soils and accelerates the release of carbon from the soil to the atmosphere [3] . The second view thought that grazing contributes to the accumulation of soil organic carbon compared with noninterference [4] [5] , and noninterference systems tend to cause soil carbon loss [6] . The third view is that grazing has no significant effect on SOC [7] .
Grassland ecosystems have a buffer nature. It could ease the outside interference to a certain extent. The relationship between grazing and SOC is complex. Over-utilized grassland may become a net carbon source and undisturbed grassland system is not conducive to carbon sequestration. However, moderate use grassland can reduce grassland carbon emissions and increase soil carbon storage. Therefore, scientific arrangement and intensity of grassland use is particularly important to sustainable use grassland for different grassland ecosystems Type [8] , which has become one of the important propositions in grassland management research.
Based on the current research and practice of grassland sustainable management theory, this paper studied the effects of enclosure and seasonal grassland on soil organic carbon density in typical steppe of Inner Mongolia, which is beneficial to provides a reference for the formulation of the scientific grassland utilization pattern and the sustainable grazing utilization way.
Materials and Methods

Study Area
The study area is located at the north of Xilingol League in Inner Mongolia (113°27′E-116°11′E, 43°04′N-45°26′N). The topography of the area is low mountains and hills on the Inner Mongolian Plateau inclined from the northeast to the southeast. The elevation is 960-1500m. The total area is 27,500 km 2 , in which available grassland area is 27,000 km 2 . The study area is in the mid-latitude westerly airstream zone. The climate is temperate semi-arid continental climate. The annual average temperature is 0.7 ℃, annual average relative humidity is 59%, annual sunshine hours is 3126.4 hours and the average annual rainfall is 244.7mm. The soil was zonal distribution. It is mainly dark chestnut soil in the north with small amount of light chestnut soil. Vegetation is a typical steppe type, mainly with Stipa grandis and Stipa krylovii grassland.
Soil Sampling and Analyses
The study area is the grassland of a shepherd's family in Narenbaolige Sumu in the north part of the Abaga Banner in Xilingol League. The grassland was divided into spring camp, summer camp, autumn camp, winter camp and forbidden grazing area for the whole year in 2001. The slope, precipitation and temperature are basically the same in the five grassland area. The number of sheep in each pasture is 700-1000. Grazing time is from March to Mayin spring camp each year, from June to August in summer camp, from the end of August to early November in autumn camp and from November to the beginning of March in the second year in winter camp. There are no grazing activities in forbidden grazing area for the whole year.
In the summer of 2013, the five pastures were randomly sampled in different areas according to the size of each pasture. A total of 31 sampling plots were sampled (Fig. 1) . Five soil profiles were dug in each plot and soil samples were collected in 0-5 cm, 5-10 cm and 10-15 cm layer separately. Each layer was sampled with mixed three soil drill and put in a paper bag. Then laboratory air-dried, sifted to prepare for testing related indicators. In addition, the soil bulk density was measured by ring knife method in soil profile with three replicates. Soil organic matter was determined by the method of Potassium Dichromate -Sulfuric Acid Solution -Oil Bath. 
Index Calculation
SOCD is calculated according to Eq.1 [9] . (Eq. 1) where: P is the SOCD (kg/m 2 ), di is soil organic matter content (%), Hi is soil height (cm), bi is the soil bulk density (g/cm 3 ) and i is the number of sampling layers (i=1,2,3,… , n).
Data Analysis
The experimental data were analyzed by Microsoft Excel and SPSS 19.0. One-way ANOVA and LSD were used to analyze the significance of the variables in different grazing pasture (P = 0.05).
Results and Discussion
Soil Organic Carbon Density in Different Camp
The average SOCD in 0-15cm was 2.23 ± 0.56kg/m [10] . The difference was big compared with the value measured in this study because the soil spatial heterogeneity was largein Abaga Banner, the sampling point of this study is located in the northern part of the Abaga Banner, close to Mongolia, low vegetation coverage.
The SOCD in 0-15cm soil layer was: autumn camp (2.66 ± 0.72) > spring camp (2.14 ± 0.40) > forbidden grazing area (2.11 ± 0.22) > summer camp (1.95 ± 0.47) > winter camp (1.86 ± 0.27) (Table1). It illustrated that ungrazing was not the best way of land use and appropriate grazing can keep soil organic carbon, which was a reasonable way of grassland management. Seasonal rotational grazing is an effective measure for grassland management, but it needs further study to divide the rotational grazing area and to determine the time node of change grazing camp.
Grazing in summer camp was from June to the end of August, which was the vegetation growth period. The surface vegetation was eat, which had effect on soil organic carbon to a certain extent. Grazing time was longer in winter camp than that in other camps, and continuous feeding of livestock reduced surface litter leading to the decrease of soil organic matter source.
There was no significant difference of soil organic carbon storage between camps (P > 0.05) due to the relatively poor soils and thin soil layers in the surveyed areas. The average SOCD varied little in the pasture. The variation was only 0.8 kg/m 2 in average between autumn camp with high vegetation coverage and winter camp with low vegetation coverage. 
Vertical Distribution of Soil Organic Carbon Density
SOCD decreased with increasing soil depth, which was consistent with the related studies [11] , and the variation range was 0.43-1.94 kg/m 2 . With the increase of soil depth, the input of these nutrients decreased, so that SOCD decreased rapidly with the increase of soil depth because the main source of soil organic matter was surface litter and animal and plant residues in soil. There was significant difference (P <0.05) of SOCD between different soil layers in seasonal camps and forbidden grazing area. 
Conclusions
SOCD in the autumn camp was higher than the others compared with forbidden grazing area and other seasonal camps, which indicated that the grassland use in the autumn camp was beneficial to the sustainable use of grassland. Appropriate use of grassland with reasonable grazing method and intensity not only increased soil organic carbon storage, but also contributed to the sustainable use of grassland. The SOCD in summer camp and winter camp were lower than that forbidden grazing area, which indicated that the two seasonal camps had less effect on soil carbon retention than forbidden grazing area. It could reduce the carrying capacity or increase the feeding of the external forage grass to increase the soil carbon sequestration in the two seasonal camps.
